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1
TERNARY HEAT-TRANSFER FLUIDS
COMPRISING DIFLUOROMETHANE,
PENTAFLUOROETHANE AND
TETRAFLUOROPROPENE

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation of U.S. applica-
tion Ser. No. 13/696,870 (now U.S. Pat. No. 9,057,010 and
issued on Jun. 16, 2015), filed on Nov. 8, 2012, which is U.S.
National Phase of International Application No. PCT/
FR2011/050882, filed on Apr. 18, 2011 claims the benefit of
French Application No. 1053671, filed on May 11, 2010. The
entire contents of each of U.S. application Ser. No. 13/696,
870, U.S. Pat. No. 9,057,010, International Application No.
PCT/FR2011/050882, and French Application No. 1053671
are hereby incorporated herein by reference in their entirety.

FIELD OF THE INVENTION

The present invention relates to transfer fluids based on
difluoromethane, pentafluoroethane and tetrafluoropropene,
which have high performance qualities and a low GWP, and
are thus suitable for replacing the usual coolants.

TECHNICAL BACKGROUND

Fluids based on fluorocarbon compounds are widely used
in vapor-compression heat transfer systems, especially air-
conditioning, heat-pump, refrigerator or freezer devices. The
common feature of these devices is that they are based on a
thermodynamic cycle comprising vaporization of the fluid at
low pressure (in which the fluid absorbs heat); compression of
the vaporized fluid up to a high pressure; condensation of the
vaporized fluid to liquid at high pressure (in which the fluid
expels heat); and depressurization of the fluid to complete the
cycle.

The choice of a heat transfer fluid (which may be a pure
compound or a mixture of compounds) is dictated firstly by
the thermodynamic properties of the fluid, and secondly by
additional constraints. Thus, a particularly important crite-
rion is the impact of the fluid under consideration on the
environment. In particular, chlorinated compounds (chlorof-
Iuorocarbons and hydrochlorofluorocarbons) have the draw-
back of damaging the ozone layer. Non-chlorinated com-
pounds such as hydrofluorocarbons, fluoroethers and
fluoroolefins are therefore now generally preferred to chlori-
nated compounds.

Heat transfer fluids that are currently used are HFC-134a,
R404a (ternary mixture of 52% HFC-143a, 44% HFC-125
and 4% HFC-134a) and R407¢ (ternary mixture of 52% HFC-
134a, 25% HFC-125 and 23% HFC-32).

It is, however, necessary to develop other heat transfer
fluids that have a lower global warming potential (GWP) than
that of the above fluids, and which have equivalent and pref-
erably improved performance qualities.

Document US 2009/0 250 650 describes various fluoroole-
fin-based compositions and their use as heat transfer fluids. In
particular, the document describes the mixture consisting of
HFC-32, HFC-125 and HFO-1234ze and also the mixture
consisting of HFC-32, HFC-125 and HFO-1234yf. The com-
positions indicated as being preferred are the following:

23% HFC-32, 25% HFC-125 and 52% HFO-1234ze;

30% HFC-32, 50% HFC-125 and 20% HFO-1234ze;

40% HFC-32, 50% HFC-125 and 10% HFO-1234yf,

23% HFC-32, 25% HFC-125 and 52% HFO-1234yf,
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15% HFC-32, 45% HFC-125 and 40% HFO-1234yf; and

10% HFC-32, 60% HFC-125 and 30% HFO-1234yf.

Document WO 2010/002 014 describes a non-flammable
coolant based on HFC-32, HFC-125 and HFO-1234yf. Sev-
eral compositions are disclosed and especially that compris-
ing 15% HFC-32, 25% HFC-125 and 60% HFO-1234yf.

However, there is still a need to develop other heat transfer
fluids that have a relatively low GWP and that have better
energy performance qualities than the heat transfer fluids of
the prior art.

SUMMARY OF THE INVENTION

The invention relates firstly to a ternary composition com-
prising:

from 5% to 50% of difluoromethane;

from 2% to 20% of pentafluoroethane; and

from 30% to 90% of tetrafluoropropene.

According to one embodiment, the tetrafluoropropene is
1,3,3,3-tetrafluoropropene.

According to another embodiment, the tetrafluoropropene
is 2,3,3,3-tetrafluoropropene.

According to one embodiment, the composition com-
prises:

from 15% to 35% of difluoromethane;

from 5% to 20% of pentafluoroethane; and

from 45% to 80% of 2,3,3,3-tetrafluoropropene;

and preferably:

from 18% to 25% of difluoromethane;

from 8% to 20% of pentafluoroethane; and

from 55% to 74% of 2,3,3,3-tetrafluoropropene.

According to one embodiment, the composition com-
prises:

from 15% to 50% of difluoromethane;

from 5% to 20% of pentafluoroethane; and

from 30% to 80% of 1,3,3,3-tetrafluoropropene;

and preferably:

from 30% to 40% of difluoromethane;

from 8% to 20% of pentafluoroethane; and

from 40% to 62% of 1,3,3,3-tetrafluoropropene.

According to one embodiment, the composition com-
prises:

from 5% to 30% of difluoromethane;

from 5% to 20% of pentafluoroethane; and

from 50% to 90% of 1,3,3,3-tetrafluoropropene;

and preferably:

from 5% to 20% of difluoromethane;

from 5% to 20% of pentafluoroethane; and

from 60% to 90% of 1,3,3,3-tetrafluoropropene.

According to one embodiment, the composition com-
prises:

from 20% to 40% of difluoromethane;

from 5% to 20% of pentafluoroethane; and

from 40% to 75% of 1,3,3,3-tetrafluoropropene;

and preferably:

from 25% to 40% of difluoromethane;

from 5% to 20% of pentafluoroethane; and

from 40% to 70% of 1,3,3,3-tetrafluoropropene.

The invention also relates to the use of the abovementioned
ternary composition as a heat transfer fluid in a vapor com-
pression circuit.

The invention also relates to a heat transfer composition
comprising the abovementioned ternary composition as a
heat transfer fluid, and one or more additives chosen from
lubricants, stabilizers, surfactants, tracer agents, fluorescers,
odorants and solubilizers, and mixtures thereof.
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The invention also relates to a heat transfer installation
comprising a vapor compression circuit containing the above-
mentioned ternary composition as a heat transfer fluid, or
containing an abovementioned heat transfer composition.

According to one embodiment, this installation is chosen
from mobile or stationary heat-pump heating, air-condition-
ing, refrigeration and freezing installations.

The invention also relates to a process for heating or cool-
ing a fluid or a body using a vapor compression circuit con-
taining a heat transfer fluid, said process successively com-
prising evaporation of the heat transfer fluid, compression of
the heat transfer fluid, condensation of the heat fluid and
depressurization of the heat transfer fluid, and the heat trans-
fer fluid being the abovementioned ternary composition.

According to one embodiment of the heating or cooling
process, this process is a process for cooling a fluid or a body,
in which the temperature of the cooled fluid or body is from
-40° C. to -10° C., preferably from -35° C. to -25° C. and
more particularly preferably from -30° C. to -20° C., and in
which the heat transfer fluid comprises:

from 15% to 35% of difluoromethane, from 5% to 20% of

pentafluoroethane and from 45% to 80% of 2,3,3,3-
tetrafluoropropene, preferably from 18% to 25% of dif-
luoromethane, from 8% to 20% of pentafluoroethane
and from 55% to 74% of 2,3,3,3-tetrafluoropropene; or
from 15% to 50% of difluoromethane, from 5% to 20% of
pentafluoroethane and from 30% to 80% of 1,3,3,3-
tetrafluoropropene, preferably from 30% to 40% of dif-
luoromethane, from 8% to 20% of pentafluoroethane
and from 40% to 62% of 1,3,3,3-tetrafluoropropene.

According to another embodiment of the heating or cool-
ing process, this process is a process for cooling a fluid or a
body, in which the temperature of the cooled fluid or body is
from -15° C. 10 15° C., preferably from -10° C. to 10° C. and
more particularly preferably from -5° C. to 5° C., and in
which the heat transfer fluid comprises:

from 15% to 35% of difluoromethane, from 5% to 20% of

pentafluoroethane and from 45% to 80% of 2,3,3,3-
tetrafluoropropene, preferably from 18% to 25% of dif-
luoromethane, from 8% to 20% of pentafluoroethane
and from 55% to 74% of 2,3,3,3-tetrafluoropropene; or
from 5% to 30% of difluoromethane, from 5% to 20% of
pentafluoroethane and from 50% to 90% of 1,3,3,3-
tetrafluoropropene, preferably from 5% to 20% of dif-
luoromethane, from 5% to 20% of pentafluoroethane
and from 60% to 90% of 1,3,3,3-tetrafluoropropene; or
from 20% to 40% of difluoromethane, from 5% to 20% of
pentafluoroethane and from 40% to 75% of 1,3,3,3-
tetrafluoropropene, preferably from 25% to 40% of dif-
luoromethane, from 5% to 20% of pentafluoroethane
and from 40% to 70% of 1,3,3,3-tetrafluoropropene.

According to another embodiment of the heating or cool-
ing process, this process is a process for heating a fluid or a
body, in which the temperature of the heated fluid or body is
from 30° C. to 80° C., preferably from 35° C. to 55° C. and
more particularly preferably from 40° C. to 50° C., and in
which the heat transfer fluid comprises:

from 15% to 35% of difluoromethane, from 5% to 20% of

pentafluoroethane and from 45% to 80% of 2,3,3,3-
tetrafluoropropene, preferably from 18% to 25% of dif-
luoromethane, from 8% to 20% of pentafluoroethane
and from 55% to 74% of 2,3,3,3-tetrafluoropropene; or
from 5% to 30% of difluoromethane, from 5% to 20% of
pentafluoroethane and from 50% to 90% of 1,3,3,3-
tetrafluoropropene, preferably from 5% to 20% of dif-
luoromethane, from 5% to 20% of pentafluoroethane
and from 60% to 90% of 1,3,3,3-tetrafluoropropene; or

20

30

35

40

45

55

60

4

from 20% to 40% of difluoromethane, from 5% to 20% of
pentafluoroethane and from 40% to 75% of 1,3,3,3-
tetrafluoropropene, preferably from 25% to 40% of dif-
luoromethane, from 5% to 20% of pentafluoroethane
and from 40% to 70% of 1,3,3,3-tetrafluoropropene.

The invention also relates to a process for reducing the
environmental impact of a heat transfer installation compris-
ing a vapor compression circuit containing an initial heat
transfer fluid, said process comprising a step of replacing the
initial heat transfer fluid in the vapor compression circuit with
a final transfer fluid, the final transfer fluid having a lower
GWP than the initial heat transfer fluid, in which the final heat
transfer fluid is the abovementioned ternary composition.

According to one embodiment of this process for reducing
the environmental impact, the initial heat transfer fluid is a
ternary mixture of 52% of 1,1,1-trifluoroethane, 44% of pen-
tafluoroethane and 4% of 1,1,1,2-tetrafluoroethane or a ter-
nary mixture of 52% of 1,1,1,2-tetrafluoroethane, 25% of
pentafluoroethane and 23% of difltuoromethane, and the final
heat transfer fluid comprises:

from 15% to 35% of difluoromethane, from 5% to 20% of
pentafluoroethane and from 45% to 80% of 2,3,3,3-
tetrafluoropropene, preferably from 18% to 25% of dif-
luoromethane, from 8% to 20% of pentafluoroethane
and from 55% to 74% of 2,3,3,3-tetrafluoropropene; or

from 15% to 50% of difluoromethane, from 5% to 20% of
pentafluoroethane and from 30% to 80% of 1,3,3,3-
tetrafluoropropene, preferably from 30% to 40% of dif-
luoromethane, from 8% to 20% of pentafluoroethane
and from 40% to 62% of 1,3,3,3-tetrafluoropropene; or

from 20% to 40% of difluoromethane, from 5% to 20% of
pentafluoroethane and from 40% to 75% of 1,3,3,3-
tetrafluoropropene, preferably from 25% to 40% of dif-
luoromethane, from 5% to 20% of pentafluoroethane
and from 40% to 70% of 1,3,3,3-tetrafluoropropene.

According to another embodiment of this process for
reducing the environmental impact, the initial heat transfer
fluid is 1,1,1,2-tetrafluoroethane and the final heat transfer
fluid comprises:

from 5% to 30% of difluoromethane, from 5% to 20% of
pentafluoroethane and from 50% to 90% of 1,3,3,3-
tetrafluoropropene, preferably from 5% to 20% of dif-
luoromethane, from 5% to 20% of pentafluoroethane
and from 60% to 90% of 1,3,3,3-tetrafluoropropene.

The present invention makes it possible to overcome the
drawbacks of the prior art. It more particularly provides heat
transfer fluids with a relatively low GWP, which have better
energy performance qualities than the known heat transfer
fluids.

This is accomplished by means of ternary mixtures com-
prising HFC-32, HFC-125 and tetrafluoropropene in the pro-
portions indicated above.

According to certain particular embodiments, the inven-
tion also has one or preferably several of the advantageous
features listed below.

The heat transfer fluids of the invention have a performance
coefficient higher than the reference coolants R404a,
R407¢ and/or HFC-134, in the same type of applica-
tions.

The capacity of the heat transfer fluids of the invention is
greater than or equal to that of the reference coolants, in
the same type of applications. Correlatively, the inven-
tion makes it possible to reduce the GWP of existing
systems comprising one of the above reference coolants,
and to do so while improving to a large extent the per-
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formance qualities of these systems, by replacing the
reference coolants with the heat transfer fluids of the
invention.

The heat transfer fluids of the invention have a performance
coefficient greater than that of the ternary mixtures of
HFC-32, HFC-125 and HFO-1234ze or HFO-1234yf
which are described in documents US 2009/0 250 650
and WO 2010/002 014.

Certain heat transfer fluids according to the invention make
it possible to obtain a compressor outlet temperature
which is lower than that obtained with the heat transfer
fluids of the prior art.

According to the invention, the global warming potential
(GWP) is defined relative to carbon dioxide and relative to a
duration of 100 years, according to the method indicated in
“The scientific assessment of ozone depletion, 2002, a report
of the World Meteorological Association’s Global Ozone
Research and Monitoring Project”.

DESCRIPTION OF EMBODIMENTS OF THE
INVENTION

The invention is now described in greater detail and in a
non-limiting manner in the description that follows.

The term “heat transfer compound” or, respectively, “heat
transfer fluid” (or coolant fluid) means a compound or,
respectively, a fluid which is capable of absorbing heat by
evaporating at low temperature and low pressure and of expel-
ling heat by condensing at high temperature and high pres-
sure, in a vapor compression circuit. In general, a heat transfer
fluid may comprise only one, two, three or more than three
heat transfer compounds.

The term “heat transfer composition” means a composition
comprising a heat transfer fluid and optionally one or more
additives that are not heat transfer compounds for the envi-
sioned application.

The heat transfer process according to the invention is
based on the use of an installation comprising a vapor com-
pression circuit which contains a heat transfer fluid. The heat
transfer process may be a process for heating or cooling a
fluid or a body.

The vapor compression circuit containing a heat transfer
fluid comprises at least one evaporator, a compressor, a con-
denser and a pressure reducer, and also lines for transporting
heat transfer fluid between these elements. The evaporator
and the condenser comprise a heat exchanger that allows heat
exchange between the heat transfer fluid and another fluid or
body.

As compressor, use may be made especially of a centrifu-
gal compressor containing one or more stages or a centrifugal
minicompressor. Rotary, piston or screw compressors may
also be used. The compressor may be driven by an electric
motor or by a gas turbine (for example fed with a vehicle’s
exhaust gases, for mobile applications) or by gearing.

The installation may comprise a turbine for generating
electricity (Rankine cycle).

The installation may also optionally comprise at least one
heat transfer fluid circuit used for transmitting heat (with or
without a change of state) between the heat transfer fluid
circuit and the fluid or body to be heated or cooled.

The installation may also optionally comprise two (or
more) vapor compression circuits, containing identical or
different heat transfer fluids. For example, the vapor com-
pression circuits may be coupled together.

The vapor compression circuit operates according to a
standard vapor compression cycle. The cycle comprises
change of state of the heat transfer fluid from a liquid phase
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6

(or two-phase liquid/vapor) to a vapor phase at a relatively
low pressure, and then compression of the fluid in the vapor
phase to a relatively high pressure, change of state (conden-
sation) of the heat transfer fluid from the vapor phase to the
liquid phase at a relatively high pressure, and reduction of the
pressure to recommence the cycle.

In the case of a cooling process, heat derived from the fluid
or body that is cooled (directly or indirectly, via a heat transfer
fluid) is absorbed by the heat transfer fluid, during its evapo-
ration, at a relatively low temperature relative to the environ-
ment. The cooling processes comprise air-conditioning pro-
cesses (with mobile installations, for example in vehicles, or
stationary installations) and refrigeration and freezing or
cryogenic processes.

Inthe case of'a heating process, heat is transferred (directly
or indirectly, via a heat transfer fluid) from the heat transfer
fluid, during its condensation, to the fluid or body that is
heated, at a relatively high temperature relative to the envi-
ronment. The installation for performing the heat transfer is
known in this case as a “heat pump”.

It is possible to use any type of heat exchanger for the
implementation of the heat transfer fluids according to the
invention, and especially co-current heat exchangers.

However, according to one preferred embodiment, the
invention envisages that the cooling and heating processes,
and the corresponding installations, comprise a counter-cur-
rent heat exchanger, either at the condenser or at the evapo-
rator. Specifically, the heat transfer fluids according to the
invention are particularly efficient with counter-current heat
exchangers. Preferably, both the evaporator and the con-
denser comprise a counter-current heat exchanger.

According to the invention, the term “counter-current heat
exchanger” means a heat exchanger in which heat is
exchanged between a first fluid and a second fluid, the first
fluid at the exchanger inlet exchanging heat with the second
fluid at the exchanger outlet, and the first fluid at the
exchanger outlet exchanging heat with the second fluid at the
exchanger inlet.

For example, counter-current heat exchangers comprise
devices in which the stream of the first fluid and the stream of
the second fluid are in opposite or virtually opposite direc-
tions. Exchangers operating in cross-current mode with a
counter-current tendency are also included among the
counter-current heat exchangers for the purposes of the
present application.

The meaning of the various abbreviations used to denote
the various chemical compounds mentioned in the applica-
tion is as follows:

HFC-134a: 1,1,1,2-tetrafluoroethane;

HFC-125: pentafiuoroethane;

HFC-32: difluoromethane;

HFO-1234ze: 1,3,3,3-tetrafluoropropene;

HFO-1234yf: 2,3,3,3-tetrafluoropropene.

The heat transfer fluids used in the invention are the fol-
lowing ternary mixtures:

1) HFC-32, HFC-125 and HFO-1234ze; and

2) HFC-32, HFC-125 and HFO-1234yf.

The term “ternary mixture” means a composition consist-
ing essentially of the three mentioned compounds, i.e. in
which the three mentioned compounds represent at least 99%
(preferably at least 99.5% or even at least 99.9%) of the
composition.

Unless otherwise mentioned, throughout the application,
the indicated proportions of compounds are given as mass
percentages.

HFO-1234ze may be in cis or trans form (preferably trans)
or may be a mixture of these two forms.
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In the above compositions, HFC-32 is present in an amount
of from 5% to 50%, HFC-125 is present in an amount of from
2% to 20% and HFO-1234yf or HFO-1234z7e is present in an
amount of from 30% to 90%.
For use in low-temperature refrigeration processes, i.e.
those in which the temperature of the cooled fluid or body is
from —40° C. to -10° C., preferably from -35° C. to -25° C.
and more particularly preferably from -30 C. to -20° C.
(ideally about —25° C.), it has been found that the composi-
tions that are the most efficient for replacing R404a are the
following:
for composition 1): from 15% to 50% HFC-32, from 5% to
20% HFC-125 and from 30% to 80% HFO-1234ze, and
preferably from 30% to 40% HFC-32, from 8% to 20%
HFC-125 and from 40% to 62% HFO-1234ze;
for composition 2): from 15% to 35% HFC-32, from 5% to
20% HFC-125 and from 45% to 80% HFO-1234yf, and
preferably from 18% to 25% HFC-32, from 8% to 20%
HFC-125 and from 55% to 74% HFO-1234yf.

For a use in:

cooling processes at moderate temperature, i.e. those in
which the temperature of the cooled fluid or body is from
-15°C. 10 15° C., preferably from -10° C. 10 10° C. and
more particularly preferably from -5° C. to 5° C. (ide-
ally about 0° C.), and also
heating processes at moderate temperature, i.e. those in
which the temperature of the heated fluid or body is from
30° C. to 80° C., preferably from 35° C. to 55° C. and
more particularly preferably from 40° C. to 50° C. (ide-
ally about 45° C.),
it has been found that the compositions that are the most
efficient for replacing HFC-134a are the following:
for composition 1): from 5% to 30% HFC-32, from 5% to
20% HFC-125 and from 50% to 90% HFO-1234ze, and
preferably from 5% to 20% HFC-32, from 5% to 20%
HFC-125 and from 60to 90% HFO-1234ze.

For a use in:

cooling processes at moderate temperature, i.e. those in
which the temperature of the cooled fluid or body is from
-15°C. 10 15° C., preferably from -10° C. 10 10° C. and
more particularly preferably from -5° C. to 5° C. (ide-
ally about 0° C.), and also
heating processes at moderate temperature, i.e. those in
which the temperature of the heated fluid or body is from
30° C. to 80° C., preferably from 35° C. to 55° C. and
more particularly preferably from 40° C. to 50° C. (ide-
ally about 45° C.),
it has been found that the compositions that are the most
efficient for replacing R404a or R407c are the following:
for composition 1): from 20% to 40% HFC-32, from 5% to
20% HFC-125 and from 40% to 75% HFO-1234ze, and
preferably from 25% to 40% HFC-32, from 5% to 20%
HFC-125 and from 40% to 70% HFO-1234ze;

for composition 2): from 15% to 35% HFC-32, from 5% to
20% HFC-125 and from 45% to 80% HFO-1234yf, and
preferably from 18% to 25% HFC-32, from 8% to 20%
HFC-125 and from 55% to 74% HFO-1234yf.

In the “low-temperature refrigeration” processes men-
tioned above, the inlet temperature of the heat transfer fluid at
the evaporator is preferably from —45° C. to -15° C., espe-
cially from —40° C. to —20° C. and more particularly prefer-
ably from -35° C. to -25° C., for example about -30° C.; and
the temperature of the start of condensation of the heat trans-
fer fluid at the condenser is preferably from 25° C. to 80° C.,
especially from 30° C. to 60° C. and more particularly pref-
erably from 35° C. to 55° C., for example about 40° C.
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In the “moderate-temperature cooling” processes men-
tioned above, the inlet temperature of the heat transfer fluid at
the evaporator is preferably from —20° C. 1o 10° C., especially
from -15° C. to 5° C. and more particularly preferably from
-10° C. t0 0° C., for example about —5° C.; and the tempera-
ture of the start of condensation of the heat transfer fluid at the
condenser is preferably from 25° C. 10 80° C., especially from
30° C. to 60° C. and more particularly preferably from 35° C.
to 55° C., for example about 50° C. These processes may be
refrigeration or air-conditioning processes.

In the “moderate-temperature heating” processes men-
tioned above, the inlet temperature of the heat transfer fluid at
the evaporator is preferably from —20° C. 1o 10° C., especially
from -15° C. to 5 C. and more particularly preferably from
-10° C. t0 0° C., for example about —5° C.; and the tempera-
ture of the start of condensation of the heat transfer fluid at the
condenser is preferably from 25° C. 10 80° C., especially from
30° C. to 60° C. and more particularly preferably from 35° C.
to 55° C., for example about 50° C.

The heat transfer fluids mentioned above are not quasi-
azeotropic and are highly efficient when they are correctly
coupled with a counter-current heat exchanger (with an
approximately constant difference in temperature with the
second fluid in the exchanger).

Each heat transfer fluid above may be mixed with one or
more additives to give the heat transfer composition effec-
tively circulating in the vapor compression circuit. The addi-
tives may be chosen especially from lubricants, stabilizers,
surfactants, tracer agents, fluorescers, odorants and solubiliz-
ers, and mixtures thereof.

The stabilizer(s), when they are present, preferably repre-
sent not more than 5% by mass in the heat transfer composi-
tion. Among the stabilizers, mention may be made especially
of nitromethane, ascorbic acid, terephthalic acid, azoles such
as tolutriazole or benzotriazole, phenolic compounds such as
tocopherol, hydroquinone, t-butylhydroquinone, 2,6-di-tert-
butyl-4-methylphenol, epoxides (optionally fluorinated or
perfluorinated alkyl or alkenyl or aromatic) such as n-butyl
glycidyl ether, hexanediol diglycidyl ether, allyl glycidyl
ether, butylphenyl glycidyl ether, phosphites, phosphonates,
thiols and lactones.

Lubricants that may especially be used include oils of
mineral origin, silicone oils, paraffins, naphthenes, synthetic
paraffins, alkylbenzenes, poly-a-olefins, polyalkylene gly-
cols, polyol esters and/or polyvinyl ethers.

As tracer agents (capable of being detected), mention may
be made of hydrofluorocarbons, deuterated hydrofluorocar-
bons, deuterated hydrocarbons, perfluorocarbons, fluoroet-
hers, brominated compounds, iodinated compounds, alco-
hols, aldehydes, ketones and nitrous oxide, and combinations
thereof. The tracer agent is different than the heat transfer
compound(s) of which the heat transfer fluid is composed.

Solubilizers that may be mentioned include hydrocarbons,
dimethyl ether, polyoxyalkylene ethers, amides, ketones,
nitriles, chlorocarbons, esters, lactones, aryl ethers, fluoroet-
hers and 1,1,1-trifluoroalkanes. The solubilizer is different
than the heat transfer compound(s) of which the heat transfer
fluid is composed.

Fluorescers that may be mentioned include naphthalim-
ides, perylenes, coumarins, anthracenes, phenanthracenes,
xanthenes, thioxanthenes, naphthoxanthenes and fluoresce-
ins, and derivatives and combinations thereof.

Odorants that may be mentioned include alkyl acrylates,
allyl acrylates, acrylic acids, acryl esters, alkyl ethers, alkyl
esters, alkynes, aldehydes, thiols, thioethers, disulfides, allyl-
isothiocyanates, alkanoic acids, amines, norbornenes, nor-
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bornene derivatives, cyclohexene, heterocyclic aromatic
compounds, ascaridol and o-methoxy(methyl)phenol, and
combinations thereof.

The compositions according to the invention may also be
useful as expanders, aerosols or solvents.

EXAMPLES

The examples that follow illustrate the invention without
limiting it.

Example 1

Method for Calculating the Properties of the Heat
Transfer Fluids in the Various Envisioned
Configurations

The RK-Soave equation is used to calculate the densities,
enthalpies, entropies and liquid vapor equilibrium data of the
mixtures. The use of this equation requires knowledge of the
properties of the pure substances used in the mixtures in
question and also the interaction coefficients for each binary.

The data required for each pure substance are the boiling
point, the critical temperature and the critical pressure, the
pressure curve as a function of the temperature from the
boiling point up to the critical point, the saturated liquid
density and the saturated vapor density as a function of the
temperature.

The data for HFCs are published in ASHRAE Handbook
2005, chapter 20, and are also available under Refrop (soft-
ware developed by NIST for calculating the properties of
coolant fluids).

The data of the temperature-pressure curve for the HFOs
are measured by the static method. The critical temperature
and the critical pressure are measured with a C80 calorimeter
sold by Setaram. The densities, at saturation as a function of
the temperature, are measured by the vibrating-tube densim-
eter technique developed by the laboratories of the Ecole des
Mines de Paris.

The RK-Soave equation uses binary interaction coeffi-
cients to represent the behavior of the products as mixtures.
The coefficients are calculated as a function of the liquid
vapor equilibrium experimental data.

The technique used for the liquid vapor equilibrium mea-
surements is the analytical static cell method. The equilib-
rium cell comprises a sapphire tube and is equipped with two
ROLSITM electromagnetic samplers. It is immersed in a
cryothermostatic bath (HUBER HS40). A field-driven mag-
netic stirrer rotating at variable speed is used to accelerate the
arrival at equilibrium. The analysis of the samples is per-
formed by gas chromatography (HP5890 series 1I) using a
katharometer (TCD).

The liquid vapor equilibrium measurements on the binary
HFC-32/HFO-1234ze are performed for the following iso-
therm: 15° C.

The liquid vapor equilibrium measurements on the binary
HFC-32/HFO-1234yf are performed for the following iso-
therms: 70° C., 30° C., -10° C.

The liquid vapor equilibrium data for the binary HFC-32/
HFC-125 are available under Refprop. Three isotherms (-30°
C., 0° C. and 30° C.) are used to calculate the interaction
coefficients for this binary.

The liquid vapor equilibrium measurements on the binary
HFC-125/HFO-1234yf are performed for the following iso-
therms: -15° C., 0° C.
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The liquid vapor equilibrium measurements on the binary
HFC-125/HFO-1234z7¢ are performed for the following iso-
therms: 25° C., 0° C.

A compression system equipped with an evaporator and
counter-current condenser, a screw compressor and a pres-
sure reducer is considered.

The system operates with 15° C. of overheating and 5° C.
of undercooling. The minimum temperature difference
between the secondary fluid and the coolant fluid is consid-
ered of the order of 5° C.

The isentropic yield of the compressors is a function of the
compression rate. This yield is calculated according to the
following equation:

®

Nisen = a—b(T —)* =

T—é€

For a screw compressor, the constants a, b, ¢, d and e of
equation (1) ofthe isentropic yield are calculated according to
the standard data published in the Handbook of air condition-
ing and refrigeration, page 11.52.

The coefficient of performance (COP) is defined as being
the working power provided by the system to the power
provided or consumed by the system.

The Lorenz coefficient of performance (COPLorenz) is a
reference coefficient of performance. It is a function of tem-
peratures and is used to compare the COPs of different fluids.

The Lorenz coefficient of performance is defined as fol-
lows (the temperatures T are in K):

1 mean” T inlet” T outlet (2)

T =7 T 3

The Lorenz COP in the case of conditioned air and of
refrigeration is:

mean outlet” inlet

evaporator (4)
COPlorenz = mea
T condenser _ T;Vgtg;toraror
ean
The Lorenz COP in the case of heating is:
g
condenser (5)

COPlorenz = mean

Tcondenser _ TEVaPOIGIOr
mean mean

For each composition, the coefficient of performance ofthe
Lorenz cycle is calculated as a function of the corresponding
temperatures.

In low-temperature refrigeration mode, the compression
system operates between a coolant fluid inlet temperature at
the evaporator of =30° C. and a coolant fluid inlet temperature
at the condenser of 40° C. The system provides cold at -25°
C.

In moderate-temperature heating mode, the compression
system operates between a coolant fluid inlet temperature at
the evaporator of -5° C. and a temperature of the start of
condensation of the coolant fluid at the condenser of 50° C.
The system provides heat at 45° C.

In moderate-temperature cooling mode, the compression
system operates between a coolant fluid inlet temperature at
the evaporator of -5° C. and a temperature of the start of
condensation of the coolant fluid at the condenser of 50° C.
The system provides cold at 0° C.
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In the tables that follow, “Evap. outlet temp.” denotes the reference fluid indicated on the first line, and “%COP/CO-
temperature of the fluid at the evaporator outlet, “Comp. PLorenz” denotes the ratio of the COP of the system relative

outlet temp.” denotes the temperature of the fluid at the com-
pressor outlet, “Cond. outlet T” denotes the temperature of
the fluid at the condenser outlet, “evap. P denotes the pres- 5
sure of the fluid in the evaporator, “cond. P” denotes the Example 2

pressure of the fluid in the condenser, “Rate (p/p)” denotes the

compression rate, “Glide” denotes the temperature glide,

“comp. yield” denotes the compressor yield, “% CAP” Results for a Low-Temperature Refrigeration,
denotes the volumetric capacity of the fluid relative to the Comparison with R404a

to the COP of the corresponding Lorenz cycle.

HFC-32/HFC-125/HFO-1234ze mixture:

Evap. | Comp. | Cond.

outlet | outlet | outlet %
Composition temp. | temp. T Evap. P | Cond. P | Rate Comp. COP/COP-
(%) CCy|CCy | (CCY| (bar) (bar) p/p | Glide | yield | % CAP Lorenz
R404A -30 100 40 2.1 18.1 88 | 046 | 53.8 100 32
HFC-| HFC- | HFO-
32 | 125 (1234ze
35 8 57 =22 121 32 1.7 14.0 82 [ 7.86 | 584 113 41
40 8 52 =22 125 32 1.8 14.9 81 | 7.70 | 59.2 121 42
35 12 53 =22 121 32 1.8 14.4 82 | 773 | 587 116 41
40 12 48 -22 124 32 1.9 15.3 8.1 | 753 | 594 124 42
30 16 54 =22 117 32 1.7 13.8 83 [ 7.67 | 580 110 41
35 16 49 =22 120 32 1.8 14.7 81 | 758 | 59.0 118 41
40 16 44 =23 124 32 1.9 15.7 81 | 732 | 59.6 126 42
30 20 50 =22 117 32 1.7 14.2 82 | 7.56 | 584 113 41
35 20 45 =23 120 32 1.9 15.2 81 | 741 | 593 121 41
40 20 40 =23 124 33 2.0 16.1 81 | 7.08 | 59.6 129 41

Inthe preceding table, as in the following tables, the grayed
lines correspond to the compositions disclosed in documents
US 2009/0 250 650 or WO 2010/002 014 and the following

40 lines correspond to the compositions according to the inven-
tion.

HFC-125/HFO-1234yf mixture:

Evap. [ Comp.|Cond.

outlet| outlet | outlet %
Composition temp. | temp.| T [Evap.P|Cond. P|Rate Comp. COP/COP-
% CCHlCCH|(CH] (bar) | (bar) |(p/p)|Glide| yield [% CAP| TLorenz
R404A -30 | 100 | 40 2.1 18.1 | 8.80.46| 53.8 [ 100 32

HFO- | HFC- |JHFC-
1234vf| 32 | 125

60 20 | 20 | -26 | 101 | 33 1:9 154 8:3 4.24 | 57.7 | 107 38

| 58 | 22 | 20| 26 ] 103 | 34| 19 | 158 | 83427580 110 | 38 |
[ 55 [ 25120 261106 | 34 [ 20 [ 165 [ 82424582 115 [ 38 |
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Example 3
Results for a Moderate-Temperature Cooling,
Comparison with HFC-134a
HFC-32/HFC-125/HF0O-1234ze mixture:
Evap. Comp.
outlet outlet  Cond. % COP/
Composition temp. temp. outletT Evap. Cond. Rate Comp. COP-
(%) °C) (°C) (°C.) P(bar) P (bar) (p/p) Glide yield % CAP Lorenz
R134a -5 81 50 24 13.2 54  0.00 75.9 100 54
HFO-
HFC-32 HFC-125 1234ze
5 15 80 -1 74 44 25 12.2 48 4.02 78.5 106 56
5 18 77 -1 74 44 2.6 12.4 47 427 78.7 109 56
5 20 75 -1 74 44 2.7 12.6 47 442 78.8 111 56
10 5 85 0 76 43 2.7 12.5 46 5.10 79.1 116 58
10 15 75 1 77 43 29 13.3 45 552 79.5 124 57
10 18 72 1 77 43 3.0 13.6 45 5.64 79.6 127 57
10 20 70 1 76 43 3.1 13.7 45 572 79.6 128 57
15 5 80 1 79 42 3.1 13.5 44 632 79.8 132 58
15 15 70 1 79 42 33 14.4 43 643 80.0 139 58
15 18 67 1 79 42 34 14.7 43 647 80.1 142 58
15 20 65 2 79 42 3.5 14.9 43  6.50 80.1 144 58
20 5 75 2 81 42 34 14.6 43 7.01 80.2 146 59
20 15 65 2 81 42 3.7 15.5 42 695 80.4 154 58
Example 4
30
Results for a Moderate-Temperature Heating,
Comparison with HFC-134a
HFC-32/HFC-125/HF0O-1234ze mixture:
Evap. Comp.
outlet outlet  Cond. % COP/
Composition temp. temp. outletT Evap. Cond. Rate Comp. COP-
(%) °C) (°C) (°C.) P(bar) P (bar) (p/p) Glide yield % CAP Lorenz
R134a -5 81 50 24 13.2 54  0.00 75.9 100 63
HFO-
HFC-32 HFC-125 1234ze
5 15 80 -1 74 44 25 12.2 48 4.02 78.5 103 65
5 18 77 -1 74 44 2.6 12.4 47 427 78.7 106 65
5 20 75 -1 74 44 2.7 12.6 47 442 78.8 108 65
10 5 85 0 76 43 2.7 12.5 46 5.10 79.1 110 66
10 15 75 1 77 43 29 13.3 45 552 79.5 118 66
10 18 72 1 77 43 3.0 13.6 45 5.64 79.6 121 66
10 20 70 1 76 43 3.1 13.7 45 572 79.6 123 66
15 5 80 1 79 42 3.1 13.5 44 632 79.8 124 66
15 15 70 1 79 42 33 14.4 43 643 80.0 132 66
15 18 67 1 79 42 34 14.7 43 647 80.1 135 66
15 20 65 2 79 42 3.5 14.9 43  6.50 80.1 136 66
20 5 75 2 81 42 34 14.6 43 7.01 80.2 137 66
20 15 65 2 81 42 3.7 15.5 42 695 80.4 145 66
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Results for a Moderate-Temperature Cooling,
Comparison with R404a and R407¢

5
HFC-32/HFC-125/HF0O-1234ze mixture:
Evap. | Comp.|Cond.
outlet| outlet | outlet %
Composition temp. | temp.| T |Evap.P|Cond. P|Rate Comp. COP/COP-
% CCH|CCH|(C)H| (bar) | (bar) |(p/p)|Glide| yield [% CAP| Lorenz

R404A -5 77 50 5.2 23.0 | 451037 79.7 | 100 48
R407C -1 89 45 4.5 19.8 | 44446 | 799 | 114 56

HFC-| HFC-| HFO-
32 | 125 112347

25 5 70 2 84 42 3.8 157 |1 42738 80.5 | 102 59
25 15 60 2 84 42 4.0 16.7 | 4.1[7.23 | 80.6 | 107 59
30 5 65 3 87 42 4.1 16.8 | 4.1 [7.54 | 80.7 | 110 59
40 5 55 2 92 42 4.7 189 | 4.0 |745| 80.9 | 124 59
40 15 45 2 92 43 5.0 20.1 | 40]7.04| 809 | 129 58
40 18 42 2 92 43 5.1 20.5 |1 40688 80.9 | 131 58
40 20 40 2 92 43 5.2 20.8 | 4.0]6.77| 80.9 | 132 58
Example 6
. 30
Results for a Moderate-Temperature Cooling,
Comparison with R404a
HFC-32/HFC-125/HFO-1234yf mixture:
Evap. [Comp.|Cond.
outlet| outlet | outlet %
Composition temp. | temp. T |Evap. P|Cond. P|Rate Comp. COP/COP-
% coylecyeey] ) | oa) | @p)Glide| yield |% CAP| Lorenz
R404A -5 77 50 5.2 23.0 | 45]037| 79.7 | 100 48
HFO- |HFC-[HFC-
1234vf] 32 | 125

74 18 8 0 77 43 4.4 179 141497 80.7 | 104 56
72 20 8 0 78 43 4.5 185 | 4.1 [5.11] 80.8 | 107 56
70 22 8 0 79 43 4.7 19.0 1 4.1[5.18] 80.8 | 111 56
67 25 8 0 81 43 4.9 19.8 | 40 [5.18| 80.8 | 115 56
62 30 8 0 84 44 5.2 21.1 |1 41497 | 80.8 | 122 55
70 18 12 0 77 43 4.5 183 | 4.1 484 80.7 | 105 55
68 20 12 0 78 43 4.6 18.8 | 4.1 [4.95| 80.7 | 108 55
66 22 12 0 80 43 4.8 194 | 4.1[499] 80.8 | 112 55
63 25 12 0 81 44 5.0 20.2 1411497 80.8 | 116 55
58 30 12 0 85 44 5.3 215 1411472 80.7 | 123 55
69 15 16 -1 76 43 4.3 179 |1 4.2 1447 80.6 | 100 55
66 18 16 0 77 43 4.5 187 | 4.1[470] 80.7 | 106 55
64 20 16 0 79 44 4.7 193 | 4.1[4.78] 80.7 | 109 55
62 22 16 0 80 44 4.8 198 | 4.1 [4.80| 80.7 | 113 55
59 25 16 0 82 44 5.0 20.6 |1 4114751 80.7 | 117 55
65 15 20 -1 76 44 4.4 183 | 4.2 437 | 80.5 | 102 55
60 20 | 20 0 79 44 4.8 197 | 41[461] 80.6 | 111 55
58 22 | 20 0 80 44 4.9 203 1 41]1461] 80.7 | 114 55

16
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Example 7

Results for a Moderate-Temperature Heating,
Comparison with R404a

HFC-32/HFC-125/HFO-1234yf mixture:

18
said process successively comprising evaporation of the heat
transfer fluid, compression of the heat transfer fluid, conden-
sation of the heat fluid and depressurization of the heat trans-
5 fer fluid, in which the heat transfer fluid is a composition as
claimed in claim 1.

Evap. [ Comp.|Cond.
outlet| outlet | outlet %
Composition temp. | temp.| T |Evap.P|[Cond. P|Rate Comp. COP/COP-
% CCHlCCH|CC)H| (bar) [ (bar) |(p/p)|Glide| yield [% CAP| Lorenz
R404A -5 77 50 5.2 23.0 | 451037797 | 100 48

HFO- |HFC-
1234vf| 32 | 125

72 20 8 0 78 43 4.5 185 | 41]5.11 | 80.8 | 100 64
70 22 8 0 79 43 4.7 190 | 411518 | 80.8 | 103 64
67 25 8 0 81 43 4.9 19.8 | 40]5.18 | 80.8 | 108 64
68 20 12 0 78 43 4.6 18.8 | 411495 80.7 | 102 64
66 22 12 0 80 43 4.8 194 | 411499 | 80.8 | 105 64
66 18 16 0 77 43 4.5 18.7 | 4.1]14.70 | 80.7 | 100 64

The invention claimed is:

1. A ternary composition comprising, in mass percent:

from 5% to 35% of difluoromethane;

from 5% to 20% of pentafluoroethane; and

from 30% to 90% of tetrafluoropropene.

2. The composition as claimed in claim 1, in which the
tetrafluoropropene is 1,3,3,3-tetrafluoropropene.

3. The composition as claimed in claim 1, in which the
tetrafluoropropene is 2,3,3,3-tetrafluoropropene.

4. The composition as claimed in claim 1, comprising, in
mass percent:

from 15% to 35% of difluoromethane;

from 5% to 20% of pentafluoroethane; and

from 45% to 80% of 2,3,3,3-tetrafluoropropene.

5. The composition as claimed in claim 1, comprising, in
mass percent:

from 15% to 35% of difluoromethane;

from 5% to 20% of pentafluoroethane; and

from 30% to 80% of 1,3,3,3-tetrafluoropropene.

6. The composition as claimed in claim 1, comprising, in
mass percent:

from 5% to 30% of difluoromethane;

from 5% to 20% of pentafluoroethane; and

from 50% to 90% of 1,3,3,3-tetrafluoropropene.

7. The composition as claimed in claim 1, comprising, in
mass percent:

from 20% to 35% of difluoromethane;

from 5% to 20% of pentafluoroethane; and

from 40% to 75% of 1,3,3,3-tetrafluoropropene.

8. A vapor compression circuit comprising a composition
as claimed in claim 1.

9. A heat transfer composition comprising the composition
as claimed in claim 1 as a heat transfer fluid, further compris-
ing one or more additives chosen from the group consisting of
lubricants, stabilizers, surfactants, tracer agents, fluorescers,
odorants and solubilizers, and mixtures thereof.

10. A heat transfer installation comprising a vapor com-
pression circuit containing a composition as claimed in claim
1.

11. The installation as claimed in claim 10, chosen from
mobile or stationary heat-pump heating, air-conditioning,
refrigeration and freezing installations.

12. A process for heating or cooling a fluid or a body using
a vapor compression circuit containing a heat transfer fluid,

13. The process as claimed in claim 12, which is a process
25 for cooling a fluid or a body, in which the temperature of the
cooled fluid or body is from -40° C. to -10° C., and in which
the heat transfer fluid comprises, in mass percent:
from 15% to 35% of difluoromethane, from 5% to 20% of
pentafluoroethane and from 45% to 80% of 2,3,3,3-
30 tetrafluoropropene; or
from 15% to 35% of difluoromethane, from 5% to 20% of
pentafluoroethane and from 30% to 80% of 1,3,3,3-
tetrafluoropropene.

14. The process as claimed in claim 12, which is a process
for cooling a fluid or a body, in which the temperature of the
cooled fluid or body is from —-15° C. to 15° C., and in which
the heat transfer fluid comprises, in mass percent:

from 15% to 35% of difluoromethane, from 5% to 20% of

pentafluoroethane and from 45% to 80% of 2,3,3,3-
tetrafluoropropene; or

from 5% to 30% of difluoromethane, from 5% to 20% of

pentafluoroethane and from 50% to 90% of 1,3,3,3-
tetrafluoropropene; or

from 20% to 35% of difluoromethane, from 5% to 20% of
45 pentafluoroethane and from 40% to 75% of 1,3,3,3-

tetrafluoropropene.

15. The process as claimed in claim 12, which is a process
for heating a fluid or a body, in which the temperature of the
heated fluid or body is from 30° C. to 80° C., and in which the
heat transfer fluid comprises, in mass percent:

from 15% to 35% of difluoromethane, from 5% to 20% of

pentafluoroethane and from 45% to 80% of 2,3,3,3-
tetrafluoropropene; or

from 5% to 30% of difluoromethane, from 5% to 20% of
55 pentafluoroethane and from 50% to 90% of 1,3,3,3-

tetrafluoropropene; or

from 20% to 35% of difluoromethane, from 5% to 20% of

pentafluoroethane and from 40% to 75% of 1,3,3,3-

tetrafluoropropene.
60  16. A process for reducing the environmental impact of a
heat transfer installation comprising a vapor compression
circuit containing an initial heat transfer fluid, said process
comprising a step of replacing the initial heat transfer fluid in
the vapor compression circuit with a final transfer fluid, the
final transfer fluid having a lower GWP than the initial heat
transfer fluid, in which the final heat transfer fluid is a com-
position as claimed in claim 1.
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17. The process as claimed in claim 16, in which the initial
heat transfer fluid is a ternary mixture of 52% of 1,1,1-trif-
luoroethane, 44% of pentafluoroethane and 4% of 1,1,1,2-
tetrafluoroethane or a ternary mixture of 52% of 1,1,1,2-
tetrafluoroethane, 25% of pentafluoroethane and 23% of
difluoromethane, and in which the final heat transfer fluid
comprises, in mass percent:

from 15% to 35% of difluoromethane, from 5% to 20% of

pentafluoroethane and from 45% to 80% of 2,3,3,3-
tetrafluoropropene; or

from 15% to 50% of difluoromethane, from 5% to 20% of

pentafluoroethane and from 30% to 80% of 1,3,3,3-
tetrafluoropropene; or

from 20% to 35% of difluoromethane, from 5% to 20% of

pentafluoroethane and from 40% to 75% of 1,3,3,3-
tetrafluoropropene.

18. The process as claimed in claim 16, in which the initial
heat transfer fluid is 1,1,1,2-tetrafluoroethane, and in which
the final heat transfer fluid comprises, in mass percent:

from 5% to 30% of difluoromethane, from 5% to 20% of

pentafluoroethane and from 50% to 90% of 1,3,3,3-
tetrafluoropropene.

19. A ternary composition comprising, in mass percent:

from 5% to 50% of difluoromethane;

from 8% to 20% of pentafluoroethane; and

from 55% to 74% of 2,3,3,3-tetrafluoropropene.
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